Introduction
The revival of quality of service (QoS) routing is mainly resulted from the recent development of real-time applications such as video, games and other streaming services. Routing in a network that provides QoS guarantees is to find a path between a specified source-destination node pair that concurrently subjects to multiple QoS constraints. It is well known that the multi-constrained path problem is NP-hard, even the number of constraints is two. So, to obtain an efficient polynomial routing algorithm is quite difficult. For this reason, some effective QoS routing algorithms are needed.
Up to now, many works are involved in optimal routing for the regular Petersen-Torus network [1] - [3] . Typically, Seo et. al [2] proposed a one-to-all broadcasting algorithm by using the divideand-conquer technique for single-link-available and multiple-link-available models in a special Petersen-Torus network ( , ) PT n n . According to their analysis, the time complexity of the algorithm can approximate to ( 4) O n + , the lower bound of which is the diameter of ( , ) PT n n . Nevertheless, most of existing works do not take any QoS metric into consideration so that it cannot provide any performance guarantee.
In this letter, we focus on the general Petersen-Torus network with K QoS parameters associating to each edge. By modeling it as a graph ( , ) PT m n , we then propose two elementary algorithms. Theoretic analysis for the time complexity of the proposed algorithms is also presented.
The remainder of the paper is organized as follows. Section 2 introduces the model for general Petersen-Torus network and some notations. Section 3 presents the proposed algorithms and result of analysis. Section 4 concludes this paper with a summary.
Preliminary
In general, a network with multiple QoS constraints is commonly modeled by a graph with V vertices and E edges, where the V vertices denote computers or routers and the E edges represent links. Each edge has K weights associated with it. Weights on edges can be easily extended to the weights on path. If the weights on edges stand for delay, loss and cost, then the corresponding weights on path can be obtained by adding (multiplying, in the case of loss) weights of the edges on the path. Such QoS parameters are said to be additive. QoS parameters such as bandwidth are known as concave parameters where the corresponding weight of a path is the smallest weight of the edges along the path. Problems involving concave constraints can be easily solved by ignoring all edges which weights are smaller than a chosen value. Therefore, we concentrate on additive parameters only. The general Petersen-Torus ( , ) PT m n , , 2 m n ≥ , which sets the Petersen graph as a basic module (as shown in Fig. 1 ), arranges m n × modules on grid points and connects them under the edge definition [2] . The general Petersen-Torus network is defined as ( , ) ( , , )
where
Obviously, the number of nodes is 10
The edges of ( , ) PT m n are divided into internal edges and external edges. The edges connecting the nodes belong to the same basic module are called internal edges. Edges connecting the nodes belong to different basic modules are called external edges. 
Main Algorithms and Analysis
In this section, we firstly present two elementary algorithms for the general version of QoS routing problem. Then we discuss how these two elementary algorithms are implemented based on the given model.
Algorithm 1
Step 1 For each edge e of ( , )
G V E , compute an auxiliary edge weight
Step 2 Compute a shortest source-destination path 
If centralized Bellman-Ford's algorithm is used, the time complexity of algorithm 1 is
Proof. For the general graph ( , )
G V E , the auxiliary weights can be computed in ( ) O K E time as there are E edges. The rest of the time analysis comes from well known results [5] .
Note that algorithm 1 here has slightly better performance than Xue's K-Approx algorithm [4] . For centralized Bellman-Ford algorithm, it can be implemented in different way. The time complexity of the algorithm implemented by the best way is ( ) O V , so the time complexity of algorithm 1 is ( ) O K E V + in this case. In fact, Xue's algorithms are still a linear combination by normalizing the parameters, which means that each parameter is independent of others in his algorithm. However, this premise cannot be hold in the real-world networks. So Xue's algorithms do not provide any performance guarantee despite his algorithm can find a solution quickly. Now we present the algorithm 2 in the following. Theorem 2. Algorithm 2 computes a source-destination path G p which minimizes
The worst case time complexity of the algorithm is
Proof. For the jth round, note that ( , )
vertices and 
.Therefore, the path G p found in the Algorithm 2 minimizes
Algorithm 2
Step 1 Let
Step 2 Construct a directed graph ( , )
s t be an undirected edge in E ,
Since the algorithm run at most K rounds, and
The worst case time complexity of the Algorithm is
To the specific case of general Petersen-Torus network, the above two available algorithm can be implemented in different scenarios. As the analysis shown, Algorithm 1 can find a near optimal solution very quickly with time complexity ( ) O Kmn (for ( ) PT mn ). However, the quality of the solution obtained by Algorithm 1 is a little rough. Algorithm 2 can find a much better solution but its time complexity 
Conclusions
This letter firstly gave a graph model for general Petersen-Torus network. Then two elementary algorithms for the general version of QoS routing problem were proposed. According to the analysis, the algorithms can find a near optimal and better solution with time complexity of ( ) O Kmn and 
